In this study the removal of Pb(II) from aqueous solution onto nettle ash (NA) as a low cost adsorbent was reported. Batch mode experiments were conducted at 25 ºC to study the effects of initial concentration of lead ions, contact time, pH and adsorbent dose on the removal process. It is observed that the adsorption increased with increasing contact time, and the equilibrium was attained after shaking for 30 min. Batch equilibrium experiments exhibited that a maximum lead uptake was obtained at pH 6.0. The experimental data were analyzed by the Langmuir, Freundlich and Tempkin models and the isotherm data fitted well to the Langmuir isotherm with monolayer adsorption capacity of 1000 mg/g. The cost of removal is expected to be quite low, as the adsorbent is cheap and easily available in large quantities. The present study showed that nettle ash was capable to remove lead ions from industrial wastewater samples.
materials and methods
All the chemicals used in this study were of analytic grade. The stock solution of Pb 2+ was prepared by dissolving Pb(NO 3 ) 2 in deionized water. A series of Pb 2+ solutions used in these experiments were made by diluting the stock solution to the desired concentrations ranging from 20 to 2000 mg L -1 . Before mixing these solutions with the adsorbent, pH values of them were adjusted by adding 0.1 mol L -1 NaOH and 0.1 mol L -1 HNO 3 . E-632 pH meter (Metrohm) was used to measure the pH values of the solutions. The concentrations of Pb 2+ were determined by atomic absorption spectrometer (AAS; model AA680, Shimadzu), and average values of three replicates were taken for each determination. The surface morphology of the adsorbents was characterized by SEM (Philips PW3710).
adsorbent preparation
Nettle is found mostly in northern cities of Iran. This plant is bothersome for farmers and stop process of growth or development of plants and tress, so it should be emitted from this area. Numerous analyses of nettle have revealed the presence of more than fifty different chemical constituents. The roots of stinging nettle have been studied extensively and found to contain starch, gum, albumen, sugar, and two resins. Histamine, acetylcholine, choline, and serotonin are also present. Chemical composition of nettle ash: Fe 2 O 3 (1.25%), SiO 2 (64.70%), Al 2 O 3 (5.30%), CaO (1.64%), MgO (2.1 %) and L.O.I 20.86 %. In this study nettle ash was used as an adsorbent for the removal of lead (II) in aqueous solution. Nettle ash was prepared by burning the dried plant materials. A 500 mg of the dried materials taken in a porcelain crucible was burnt at 500 ºC in a muffle furnace for 4 h.
batch adsorption studies
Batch experiments were carried out at various pH (2) (3) (4) (5) (6) (7) (8) , adsorbent dose (1-5 g L −1 ) and stirring speed (180 rpm) for a contact time of 30 min. For each batch experiment, 100 ml Pb 2+ solution of 100 mg L −1 concentration was used. After setting pH and adding desired amount of adsorbent the mixture was agitated on mechanical shaker for 30 min at 25 ºC. After that the mixture was filtered to separate the adsorbent from supernatant. The residual concentration of lead in supernatant was determined by flame atomic spectrometer. All experiments were replicated thrice for all the adsorbents and results were averaged. The removal percentage (r %) of lead was calculated for each run by following expression: (1) where C i and C e were the initial and final concentration of lead in the solution. The adsorption capacity of an adsorbent which is obtained from the mass balance on the sorbate in a system with solution volume v is often used to acquire the experimental adsorption isotherms. Under the experimental conditions, the adsorption capacities of all the adsorbents for each concentration of lead(II) ions at equilibrium were calculated using Eq. (2).
(2)
where C i and C e were the initial and final concentration of lead in the solution respectively (mg L -1 ). v is the volume of solution (L) and M is the mass of adsorbent (in g) used.
results and discussion adsorbent characterization Scanning electronic microscope is widely used to study the morphological features of the adsorbent. An observation of the SEM micrographs of nettle ash ( Fig. 1) indicates the presence of many pores and a rough structure on the surface of NA, which is favorable for adsorption. acidic but slightly acidic. At pH value of 6, metal ions can easily compete hydrogen ions and bind active sites of adsorbent. Due to this reason, sorption capacity and % removal was high at pH 6. At higher pH sorption capacity and % removal decreased and this decrease can be explained by the fact that at higher pH, number of hydroxyl ions is more and chances of formation of metal hydroxides are also more that result in precipitation. This precipitaion caused a decrease in sorption capacity and % removal with increase in pH.
effect of contact time
The effect of contact time on the sorption of Pb (II) ions on nettle ash was investigated over time intervals from10 up to 60 min. Fig. 3 shows the sorption yield as a function of contact time. As seen from Fig. 3 , it reached a maximum at about 30 min, and almost remained constant up to 60 min. Therefore in subsequent equilibrium experiments, 30 min was deemed more than sufficient to establish equilibrium and used in all subsequent measurements. 
effect of ph
The pH of the solution has a significant impact on the uptake of heavy metals, since it determines the surface charge of the adsorbent, the degree of ionization and speciation of adsorbate. 29, 30 In order to establish the effect of pH on the sorption of lead (II), the batch equilibrium studies at different pH values was carried out in the range of 2-8. It is well known that sorption of heavy metal ions by solid substrates depends on the pH of the solution. Fig. 2 . shows that uptake capacity and % removal of Pb (II) by nettle ash decreased with increase in pH. It is generally known that at low pH values, solution is strongly acidic and the surface of the sorbent is surrounded by hydrogen ions, which prevent the metal ions from approaching the binding sites on the sorbent. Due to this reason, it is thought that sorption capacity increases with increase in pH. But it is important that during this study, minimum pH for solution media was 6 and a pH of 6 is not strongly 
the effect of na and initial Pb (ii) concentrations
In order to evaluate the effect of Pb (II) and NA concentration on the removal of this metal, the adsorption process was carried out with initial Pb (II) concentrations between 100 and 2500 mg L −1 and nA concentrations between 1 and 5 g L −1 at constant values of pH (6.0) and contact time (30 min). After reaching equilibrium, the Pb (II) concentration in each system was measured.
The results show that the adsorption efficiency increased by increasing the na concentration even though the amount of Pb (II) adsorbed by per gram of na decreased, indicating that the available adsorption sites or functional groups increase with more adsorbent present, and also the interactions may occur easily between sorbent and metal ions as the amount of sorbent decreases at fixed metal ion concentration. In addition the amount of Pb (II) uptake increased by increasing the initial Pb (II) concentration, where as adsorption percentages decreases with increase in the Pb (II) concentration. The initial metal ion concentration plays a role as a driving force to overcome mass transfer resistance for metal ion transport between the solution and the surface of the adsorbent. The removal of lead ions was increased with increasing the NA concentrations. This is due to the greater availability of the exchangeable sites or surface area at higher concentration of the adsorbent. However by saturation of the available active sites on the surface functional groups, thus preventing further metal ion uptake. The relationship between amounts of Pb (II) adsorbed figure 6. Langmuir-1 isotherm plot for adsorption of lead onto NA.
The maximum monolayer capacity, Q m , obtained from the Langmuir isotherm was 1000 mg/g, which is higher than that obtained from previous reported studies. 34, 35 The essential characteristic of the Langmuir isotherm may be expressed in terms of dimensionless separation parameter R L , which is indicative of the isotherm shape that predicts whether an adsorption system is favorable or unfavorable. R L is defined as:
Where K L is the Langmuir constant. Values of R L are shown in Table 3 . The R L Values for the present experimental data fall between zero and one, which is an indication of the favorable adsorption of lead on the adsorbent. 
the freundlich isotherm
The Freundlich equilibrium isotherm equation was also used to describe experimental adsorption data. This isotherm is an empirical equation which is used for the description of multilayer adsorption with interaction between adsorbed molecules. The model applies to adsorption onto heterogeneous surfaces with a uniform energy distribution and reversible adsorption. The Freundlich isotherm is the earliest known relationship describing the adsorption equation. The application of the Freundlich equation suggests that adsorption energy exponentially decreases on completion of the adsorptional centres of an adsorbent.
the tempkin model
Tempkin considered the effects of some indirect adsorbate/adsorbate interactions on adsorption isotherms. They suggested that, because of these interactions and ignoring very low and very large values of concentration, the heat of adsorption of all molecules in the layer would decrease linearly with coverage.
Examination of the linear isotherm plots suggested that the Langmuir model yielded a much better fit than the other models. In addition, the approach of the isotherm parameters determination by linear regression appears to give acceptable fits to the experimental data with good respective regression coefficients (r 2 values) as shown in the linear transform columns in Tables 3. at the equilibrium (q e ) and its initial concentration using different doses of NA were shown in Figure 5 .
figure 5. Relation between amounts of lead adsorbed at the equilibrium (q e ) and it's initial concentration using different doses of NA.
isotherm studies
The sorption data obtained for variation of metal ion concentrations were treated using Langmuir, Freundlich and Temkin isotherm models as given by Equations (3) to (5) . 31 (3)
Where q e is the amount adsorbed at equilibrium (mg/g) and C e is the equilibrium concentration of metal ions in solution (mg L -1 ). The other parameters are different isotherm constant, which can determine by regression of the experimental data. In the Langmuir equation, Q m (mg/g) is the measure of adsorption capacity under the experimental conditions and K L is a constant related to the energy of adsorption (L/mg). Freundlich treatment gives the parameters, n, indicative of bond energies between metal ion and the adsorbent and k F (mg/g) related to bond strength. Where β T = and A T (L/g) are the Temkin constant and can be determined by a plot of q e versus ln C e . 32 the langmuir isotherm Eq.(3) can be linearized into four different forms in Table 1 , which give different parameter estimates. 33 table 1. The four linear forms of Langmuir iso.
The more popular linear forms used are Langmuir-1 and Langmuir-2 and the results obtained from the four forms of Langmuir model for the adsorption of Pb (II) onto NA shows that the adsorption of lead ions onto NA follows the Langmuir-1 form (Fig. 6 ).
Kinetics study
The kinetics of Pb (II) adsorption was studied from the time versus %removal curves. The rate kinetics of Pb (II) adsorption on the adsorbents was analyzed using the 1st-order and second order kinetic models.
The first order rate equation of Lagergren 36 is one of the most widely used for the sorption of a solute from liquid solution and is represented as: the major form and presents surface hydroxyl sites in aqueous solution. The adsorption mechanism can be described in the following equations:
comparison of lead (ii) removal with different adsorbents A comparison of the maximum adsorption capacities of some adsorbents for the Pb(II) removal are given Table 5 . It is evident that the sorption affinity of the nettle ash is comparable or more to the other available adsorbents. 
Adsorbents
Maximum adsorption capacity, Q m (mg/g) fly ash 38 37.0 Eichhornia activated carbon 39 16.6 natural phosphate 40 115.0 sugarcane bagas se 41 333.0 Ulmus carpinifolia 42 201.1
We note that our material (NA) is more effective compared to other materials. However, the present experiments are conducted to find the technical applicability of the new adsorbents to treat Pb (II) from aqueous solutions.
Desorption studies
The reversibility of the adsorption process was also investigated. Desorption studies are helpful to explore the possibility of recovery of the metal resource. Desorption studies were carried out using 0.1 mol L -1 HCl solution as stripping agents. Metal loaded adsorbent obtained from our sorption experiments was transferred to the vessels and shaken with 50 ml of acid for 24 h. In order to determine the reusability of the adsorbents after sorption process, the sorbents were taken out from the solution and washed with deionized water. The filtrate was analyzed for desorbed metal ion. The total loss amount of metal ion released from adsorbent varied from 5.0 to 10.0%.
conclusions
The present study indicated that the nettle ash is an effective adsorbent for the removal of Pb (II) from aqueous solutions. The adsorption reached equilibrium within 30 min. The adsorption was found to be greatly dependent on solution pH. The optimal solution pH range for the removal of Pb (II) was determined to be 6. The maximum adsorption capacity of Pb (II) on NA was around 1000 mg g -1 , which is more than other reported adsorbents. [36] [37] [38] The batch adsorption data for lead was successfully correlated with Langmuir model. The kinetic sorption data fitted well to the second-order kinetic model, indicating that the intraparticle diffusion is the rate-limiting factor. Low-cost, availability and high metal uptake levels for Pb (II) make nettle ash a promising material for metal contaminated aqueous and wastewater treatment. acKnoWledgements (7) Where q e is the mass of metal of adsorbed at equilibrium (mg/g), q t is the mass of metal adsorbed at time t (mg/g), K 1 is the 1st-order reaction rate constant (min -1 ).
The 1st-order considers the rate of occupation of adsorption sites to be proportional to the number of unoccupied sites. It was observed that the q e values estimated by 1st-order kinetic model differ substantially from those measured experimentally, suggesting that the adsorption not a first order reaction.
A second-order equation 37 based on adsorption equilibrium capacity may be expressed in the form: (8) Where K 2 is the second-order reaction rate equilibrium constant (g mg -1 min -1 ). A plot of against t should give a linear relationship for the applicability of the second-order kinetic. The second-order model is shown in Figure 7 . The estimated model and the related statistic parameters are reported in Table 4 .
figure 7. Plot of the second-order model at different initial Pb (II) concentrations and 2 g L -1 of adsorbent.
The correlation coefficients for the second-order kinetic model are nearly equal to 1. Therefore, the kinetics of lead adsorption on to the adsorbent can be described well by second-order equation. In this case adsorption occurs by electrostatic attraction. The adsorption of lead (II) cations was due to the surface reaction with terminal hydroxyl groups on adsorbent and the combination of positive charges of metal cations and negative charges on adsorbent surfaces. For nettle ash, aluminosilicate is
